Background-Deficits in GABA neuron-related markers, including the GABA synthesizing enzyme GAD67, the calcium-binding protein parvalbumin, the neuropeptide somatostatin, and the transcription factor Lhx6, are most pronounced in a subset of schizophrenia subjects identified as having a "low GABA marker" (LGM) molecular phenotype. Furthermore, schizophrenia shares degrees of genetic liability, clinical features and cortical circuitry abnormalities with schizoaffective disorder and bipolar disorder. Therefore, we determined the extent to which a similar LGM molecular phenotype may also exist in subjects with these disorders.
Introduction
Disturbances in inhibitory (GABA) neurons in the prefrontal cortex (PFC) are among the most widely and consistently reported findings in postmortem brain tissue in schizophrenia . For example, multiple research groups have reported deficits in mRNA levels for the GABA synthesizing enzyme glutamate decarboxylase (GAD67) in the PFC in schizophrenia (Akbarian et al., 1995 , Curley et al., 2011 , Guidotti et al., 2000 , Straub et al., 2007 , Volk et al., 2000 . Furthermore, deficits in mRNA levels for the calcium-binding protein parvalbumin and the neuropeptide somatostatin, which are expressed by non-overlapping subpopulations of GABA neurons, have also been replicated across multiple cohorts of schizophrenia subjects (Fung et al., 2010 , Hashimoto et al., 2003 , Mellios et al., 2009 , Morris et al., 2008 , Volk et al., 2012 . In addition, mRNA levels for the transcription factor Lhx6, which plays a critical developmental role specifically in cortical parvalbumin and somatostatin neurons , Liodis et al., 2007 , Neves et al., 2013 , Zhao et al., 2008 , have been reported to be lower in the PFC in schizophrenia in two subject cohorts , Volk et al., 2012 . Evidence from human studies and pharmacological studies in monkeys suggests that the deficits in these four GABA neuron-related mRNAs are not attributable to exposure to antipsychotic medications, other factors frequently comorbid with schizophrenia or potential confounds (Hashimoto et al., 2003 , Morris et al., 2008 , Volk et al., 2012 . Taken together, these findings suggest that certain GABA neuron-related transcriptome abnormalities are a conserved feature of the disease process of schizophrenia.
In each of these studies, the variability in expression of GABA neuron-related mRNAs was generally higher than in unaffected comparison subjects (Curley et al., 2011 , Volk et al., 2012 . In addition, deficits in these GABA neuron-related mRNAs were not seen in all schizophrenia subjects relative to pair-matched unaffected comparison subjects (Curley et al., 2011 , Volk et al., 2012 . These findings are perhaps consistent with the idea that the clinical syndrome recognized as schizophrenia is a collection of heterogeneous disorders of diverse etiologies and molecular phenotypes (Horvath and Mirnics, 2015, Volk and . Consistent with this concept, we recently reported the presence of a "low GABA marker" (LGM) molecular phenotype in which deficits in GAD67, parvalbumin, somatostatin, and Lhx6 mRNAs in the PFC distinguished approximately half of the schizophrenia subjects from the other schizophrenia subjects and the unaffected comparison subjects which did not differ from each other by these measures (Volk et al., 2012) .
Schizophrenia shares some genetic risk factors (Fanous et al., 2012 , Purcell et al., 2009 , Ripke et al., 2011 , Wang et al., 2010 and certain clinical features, such as psychosis and cognitive impairments (Zanelli et al., 2010) , with schizoaffective disorder and bipolar disorder. In addition, lower mean levels of some GABA-related transcripts have been reported in the PFC from subjects with each of these disorders (Guidotti et al., 2000 , Sibille et al., 2011 , Woo et al., 2008 . Together, these findings suggest the hypothesis that the cortical LGM molecular phenotype may be characteristic of a subset of subjects from each of these three diagnostic groups. To test this hypothesis, we quantified mRNA levels for four GABA neuron-related markers in the PFC from 184 subjects (including 84 previously studied subjects (Volk et al., 2012) ) with a diagnosis of schizophrenia, schizoaffective disorder or bipolar disorder, or with a confirmed absence of any psychiatric diagnosis and employed a pre-specified blinded clustering approach to determine the presence of an LGM molecular phenotypes among all subjects.
Method Human subjects
Brain specimens were obtained during routine autopsies conducted at the Allegheny County Office of the Medical Examiner (Pittsburgh, Pennsylvania) after consent was obtained from next-of-kin. An independent committee of experienced research clinicians made consensus DSMIV(American Psychiatric, 1994) diagnoses for each subject using structured interviews with family members and review of medical records, and the absence of a psychiatric diagnosis was confirmed in unaffected comparison subjects using the same approach . To control for experimental variation, each subject with schizophrenia (n=39), schizoaffective disorder (n=23) or bipolar disorder (n=35), was matched to one unaffected comparison subject (n=87) for sex and as closely as possible for age (Table 1; Supplemental  Tables S1, S2 , and S3). Ten unaffected subjects were previously used as comparison subjects both in published studies for bipolar disorder (Kimoto et al., 2015 , Sibille et al., 2011 and studies involving a mixture of subjects with a schizophrenia or schizoaffective disorder (Volk et al., 2015a , Volk et al., 2012 . Consequently, this pairing was retained in the present study in which ten bipolar disorder subjects share the same unaffected comparison subjects with ten subjects with either schizophrenia or schizoaffective disorder (Supplemental Tables S1, S2, S3; see Quantitative PCR below). Tissue samples from subjects in a pair were processed together throughout all stages of the study. The mean age, postmortem interval, RNA integrity number (RIN), brain pH and tissue freezer storage time did not differ between diagnostic groups and their matched unaffected comparison subjects ( 
Quantitative PCR
Frozen tissue blocks containing the middle portion of the right superior frontal sulcus were confirmed to contain PFC area 9 using Nissl-stained, cryostat tissue sections for each subject (Volk et al., 2000) . The gray-white matter boundary of PFC area 9 in a tissue block from each subject was carefully scored with a scalpel blade where the gray matter was cut perpendicular to the pia matter and had uniform thickness and the gray-white matter boundary was easily delineated. This approach ensured minimal white matter contamination , Volk et al., 2013 . The scored gray matter region of the tissue block was then digitally photographed, and the number of tissue sections (40 µm) required to collect ~30 mm 3 of gray matter was determined for each subject. The calculated number of required tissue sections for each subject was then cut by cryostat, and gray matter was separately collected into a tube containing TRIzol reagent in a manner consistent with excellent RNA preservation , Volk et al., 2013 . Standardized dilutions of total RNA for each subject were used to synthesize cDNA. All primer pairs (Supplemental Table S4 ) demonstrated high amplification efficiency (>97%) across a range of four cDNA dilutions and specific single products in dissociation curve analysis. Control studies in which the cDNA template was not included in the quantitative PCR reaction resulted in a complete lack of amplification. Quantitative PCR was performed using the comparative cycle threshold (CT) method with Power SYBR Green dye and the ViiA-7 Real-Time PCR System (Applied Biosystems), as previously described (Volk et al., 2010 , Volk et al., 2013 .
Three reference genes (beta actin, cyclophilin A, and glyceraldehyde-3-phosphate dehydrogenase [GAPDH] ) that were previously reported to be stably expressed in the present cohort of schizophrenia and schizoaffective disorder subjects relative to the matched unaffected comparison subjects (Volk et al., 2015a) were used to normalize target mRNA levels . Furthermore, the mean relative expression level for each reference gene relative to the two other reference genes did not differ between bipolar and unaffected comparison subjects, respectively (beta actin: 1.43 ± 0.19 versus 1.40 ± 0.15; cyclophilin: 0.47 ± 0.07 versus 0.48 ± 0.06; GAPDH: 1.53 ± 0.27 versus 1.53 ± 0.27). The difference in CT (dCT) for each target transcript was calculated by subtracting the geometric mean CT for the three reference genes from the CT of the target transcript (mean of four replicate measures). Because dCT represents the log2-transformed expression ratio of each target transcript to the reference genes, the relative level of the target transcript for each subject is reported as 2 −dCT (Vandesompele et al., 2002 , Volk et al., 2010 , Volk et al., 2013 .
For the ten unaffected subjects used as shared comparison subjects for both schizophrenia or schizoaffective disorder subjects and bipolar disorder subjects, mRNA levels were quantified in two separate qPCR runs, once with the matched schizophrenia or schizoaffective disorder subject and once with the matched bipolar disorder subject, and the mRNA levels from these two runs were averaged for the cluster analysis described below. Although levels of these transcripts have been previously reported in some of these subject pairs, it is important to note that all data from all subject pairs reported in this paper were obtained in new assays conducted at the same time.
Statistical analysis
In order to account for individual characteristics when doing the blinded clustering analysis, a linear regression model with stepwise forward selection was first employed to examine the effects of age, sex, brain pH, RIN, and freezer storage time on GAD67, parvalbumin, somatostatin, and Lhx6 mRNA levels based upon the 184 subjects. Consequently, for the cluster analysis using these subjects, somatostatin mRNA levels were adjusted by age (p <. 0001) and brain pH (p =.005); parvalbumin mRNA levels were adjusted by brain pH (p <. 0001); and GAD67 mRNA levels by brain pH (p <.0001). The statistical investigators (YZ and ARS) were blinded to subject diagnosis in doing the cluster analysis. Ward's method (Ward, 1963) was used in SAS in PROC Cluster for the hierarchical detection of possible clusters. Each of the 184 subjects was exclusively assigned to exactly one of the two identified clusters. Based upon these blinded data, the distributions of the mRNAs were examined for each cluster to obtain a better understanding of the differences between clusters vis-à-vis their four mRNA values. A comparison of the four mRNA values among the found clusters was done graphically and also with two-sample t-tests statistical tests comparing the individual adjusted means among the found clusters. Based upon these analyses, one of the two clusters produced lower values for all four mRNAs and is designated the LGM cluster. The blind was broken after the two clusters (i.e., the new LGM cluster and the new non-LGM cluster) were identified. To determine whether cluster membership was related to disorder status, membership rates in the LGM and non-LGM clusters for subjects with schizophrenia, schizoaffective disorder, and/or bipolar disorder were compared to their respectively matched unaffected comparison subjects using McNemar's chi-squared test. This clustering approach using Ward's method was then repeated after excluding the unaffected comparison subjects using a database that did not have the specific disorder identified with a subject.
Results

Cluster analysis to identify the LGM molecular phenotype across psychiatric disorders
We first determined the extent to which the LGM molecular phenotype is present in a cohort of schizophrenia, schizoaffective disorder, bipolar disorder, and unaffected comparison subjects by quantifying GAD67, parvalbumin, somatostatin, and Lhx6 mRNA levels obtained for all 184 subjects in the same series of quantitative PCR assays. Two primary clusters were identified from the Clustering Tree using the blinded clustering method. Cluster 1 (Figure 1A , left) consisted of 44 subjects, and cluster 2 ( Figure 1A , right) consisted of 140 subjects. In cluster 1, mean adjusted transcript levels were lower for GAD67 (−30%; t 182 =−14.5, p<.00001), parvalbumin (−28%; t 182 =−8.4, p<.00001), somatostatin (−48%; t 182 =−12.7, p<.00001), and Lhx6 (−23%; t 182 =−10.2, p<.00001) relative to cluster 2, consistent with our identification of cluster 1 as the LGM molecular phenotype.
Removing the blind on the diagnosis of each subject revealed that 48.7% of schizophrenia subjects (i.e. 19 of 39 subjects), 47.8% (11/23) of schizoaffective disorder subjects, 28.6% (10/35) of bipolar disorder subjects, but only 4.6% (4/87) of unaffected comparison subjects were classified as having the LGM molecular phenotype. The proportions of subjects with schizophrenia (χ 2 (1)=12.5, p<.0004), schizoaffective disorder (χ 2 (1)=6.8, p=.009), or bipolar disorder (χ 2 (1)=8.1, p=.004) with the LGM molecular phenotype were significantly higher relative to their matched unaffected comparison subjects. The proportion of subjects with schizophrenia with the LGM phenotype did not differ from schizoaffective disorder subjects (χ 2 (1)=0.005, p=.95), but the proportion of subjects with schizophrenia or schizoaffective disorder with the LGM phenotype was nearly significantly higher than in bipolar disorder subjects (χ 2 (1)=3.6, p=.057). We also found that 19% of bipolar I disorder subjects (4/21) and none of their matched unaffected comparison subjects were respectively classified as having the LGM molecular phenotype (χ 2 (1)=2.25, p=.13). In addition, 42.9% of bipolar II disorder or bipolar disorder not otherwise specified subjects (6/14) and none of their matched unaffected comparison subjects were respectively classified as having the LGM molecular phenotype (χ 2 (1)=4.17, p=0.04). Furthermore, the proportion of bipolar I disorder subjects with the LGM phenotype (4/21) did not differ from the proportion of bipolar II or not otherwise specified disorder subjects with the LGM phenotype (6/14; χ 2 (1)=2.33, p=.13). The proportion of subjects with bipolar I disorder with psychotic features having the LGM phenotype (20%; 2/10) did not differ from the proportion of bipolar I disorder subjects without psychotic features having the LGM phenotype (18.2%; 2/11; χ 2 (1)=0.01, p=.92). Transcript levels of GABA neuron-related markers in psychiatric disorder subjects with and without the LGM molecular phenotype
We next examined the differences in mean unadjusted mRNA levels for these GABA neuron-specific markers across the LGM and non-LGM subject diagnostic groups and the unaffected subjects (Figure 2 ; Supplemental Table S5 ).
LGM subjects with schizophrenia, schizoaffective disorder or bipolar disorder each had lower observed GAD67, parvalbumin, somatostatin, and Lhx6 mRNA levels relative to all unaffected subjects (Figure 2 ) and had significantly lower values compared to both their pair-matched unaffected subjects and non-
LGM subjects with the same diagnosis (Supplemental Table S5 ). In contrast, transcript levels for GAD67, parvalbumin, somatostatin, and Lhx6 did not differ between non-LGM schizophrenia subjects, schizoaffective or bipolar disorder subjects and all unaffected subjects ( Figure 2 ) and were not significantly different compared to their pair-matched unaffected subjects (Supplemental Table S5 ) with two exceptions. First, parvalbumin mRNA levels for non-LGM bipolar subjects were lower (−15%, p= .001) than their matched unaffected comparison subjects, and second, somatostatin mRNA levels for non-LGM schizophrenia subjects were marginally lower (−14%, p=.05) than their matched unaffected comparison subjects (Supplemental Table S5 ). Finally, all LGM subjects with a diagnosis of schizophrenia, schizoaffective disorder, or bipolar disorder (n=40) had lower mRNA levels for GAD67, parvalbumin, somatostatin, and Lhx6 relative to all non-LGM subjects and unaffected comparison subjects ( Figure 2 ) and significantly lower mRNA values both compared to their pooled pair-matched unaffected subjects and to all non-LGM schizophrenia, schizoaffective and bipolar disorder subjects (n=57) (Supplemental Table  S5 ). Very similar results were obtained when the preceding analyses were done on the adjusted mRNA values.
Cluster analysis to identify the LGM molecular phenotype exclusively in psychiatric disorder subjects
To further confirm the presence of two distinctive clusters of psychiatric disorder subjects with and without the LGM molecular phenotype, we next excluded the unaffected subjects (n=87) and repeated the Ward cluster analysis including only the schizophrenia, schizoaffective disorder and bipolar disorder subjects (n=97), using the same adjusted mRNA values for each subject employed in the first cluster analysis. We again found two distinct clusters ( Figure 1B ). In cluster 1 (n=39), mean adjusted transcript levels were lower for GAD67 (−32%; t 95 =−13.0, p<.0001), parvalbumin (−24%; t 95 =−6.2, p<.0001), somatostatin (−46%; t 95 =−8.1, p<.0001), and Lhx6 (−27%; t 95 =−9.6, p<.0001) relative to cluster 2 (n=58), consistent with this cluster capturing the LGM molecular phenotype. Removing the blind on the diagnosis of each subject revealed that 46.2% (18/39) of schizophrenia subjects, 47.8% (11/23) of schizoaffective disorder subjects, and 28.6% (10/35) of bipolar disorder subjects were classified as having the LGM molecular phenotype. Importantly, 96 of the 97 schizophrenia, schizoaffective disorder, and bipolar disorder subjects received the same LGM classification status that was assigned in the cluster analysis containing the unaffected comparison subjects ( Figure 1A ). subjects classified as having or not having the LGM molecular phenotype (Figure 3 ). These histograms revealed that the distributions of GAD67, parvalbumin, somatostatin, and Lhx6 mRNA levels for the LGM and non-LGM subjects were clearly distinct and only partially overlapping with the LGM subjects having lower mRNA levels for all four GABA neuronrelated mRNA levels.
The LGM molecular phenotype and psychotropic medications, substance use disorders, and suicide as manner of death
Among the subjects with a psychiatric diagnosis, those with the LGM molecular phenotype (n=40) were not more likely: to be exposed to antipsychotics (χ 2 (1)=2. 
Discussion
In this study, we tested the hypothesis that the cortical LGM molecular phenotype identifies a subset of subjects with schizophrenia, schizoaffective disorder, or bipolar disorder. Using a blinded cluster analysis of mRNA levels of four GABA neuron-related markers, we found that 49% of the subjects with schizophrenia, 48% of the subjects with schizoaffective disorder, and 29% of subjects with bipolar disorder share the cortical LGM molecular phenotype. Accordingly, these GABA neuron-related markers were prominently decreased in schizophrenia, schizoaffective disorder, and bipolar disorder subjects with the LGM classification relative to unaffected comparison subjects. Even when the unaffected subjects were excluded from the analysis, the proportion and identity of schizophrenia, schizoaffective disorder, and bipolar disorder subjects with the LGM phenotype remained constant, indicating robust differences in GABA-related mRNA expression between psychiatrically ill subjects with and without this molecular phenotype. In contrast, mRNA levels of these GABA neuron-related markers were largely indistinguishable between psychiatric disorder subjects without the LGM classification and unaffected comparison subjects.
The presence of the LGM phenotype across these severe psychiatric disorders is consistent with other lines of evidence implicating genetic and clinical similarities across these diagnoses. For example, genome-wide association studies have found genetic risk variants that are common to schizophrenia, schizoaffective disorder, and bipolar disorder (Fanous et al., 2012 , Purcell et al., 2009 , Ripke et al., 2011 , Wang et al., 2010 , and subjects with these disorders may also share certain clinical features such as psychosis or cognitive impairments (Zanelli et al., 2010) . The multiple prior reports of lower mean values for GAD67, parvalbumin, somatostatin, and Lhx6 mRNAs in the PFC across different cohorts of schizophrenia and/or schizoaffective subjects (Akbarian et al., 1995 , Curley et al., 2011 Psychol Med. Author manuscript; available in PMC 2017 September 05. Fung et al., 2010 , Guidotti et al., 2000 , Mellios et al., 2009 , Morris et al., 2008 , Straub et al., 2007 , Volk et al., 2000 , Volk et al., 2015a , Volk et al., 2012 is consistent with our findings that the LGM phenotype is present in a relatively high proportion of these subjects. In contrast, deficits in these GABA-related mRNAs have been reported less consistently in the PFC in bipolar disorder (Guidotti et al., 2000 , Sibille et al., 2011 , Woo et al., 2008 , which may reflect a population sampling bias attributable to the relatively lower frequency (~29%) of the LGM phenotype in bipolar disorder found in the present study. Interestingly, lower mRNA levels for somatostatin, but not GAD67 or parvalbumin, have been reported in the PFC in major depressive disorder (Sibille et al., 2011) , and psychosis can occur during severe major depressive episodes. Because the LGM phenotype is present to varying degrees in schizophrenia, schizoaffective disorder and bipolar disorder, these data suggest the hypothesis that the LGM molecular phenotype may also be present, but at a much lower relative frequency, in major depressive disorder. Thus, the LGM phenotype could represent a trans-diagnostic feature that provides a molecular analogue to behavioral dimensions of the Research Domain Criteria (Cuthbert, 2014) .
Other pathophysiological processes may be also more prominent in subjects with the LGM molecular phenotype. For example, cortical immune activation, characterized by elevated cytokine mRNA levels and activated microglia (Bloomfield et al., 2016 , Fillman et al., 2013 , Volk et al., 2015b , has been reported in schizophrenia. Furthermore, levels of immune markers and GABA neuron-related markers have been reported to be negatively correlated in the PFC in schizophrenia (Siegel et al., 2014) , and schizophrenia subjects with a "high inflammatory state" have been reported to have greater deficits in GABA neuron-related markers (Fillman et al., 2013) . However, additional studies are needed to determine whether cortical immune activation contributes to, or is a response to, disturbances in cortical GABA neurons. These findings highlight the importance of further identification of molecular phenotypes in psychiatric disorders in order to better understand the potential interactions between different pathological findings in the same subjects.
Alterations in inhibitory neurotransmission have been reported to contribute to cognitive impairments that are present in schizophrenia, schizoaffective disorder and bipolar disorder , and the presence of the LGM molecular phenotype may represent a substrate for cognitive impairments in subsets of these subjects. However, a substantial proportion of subjects with these disorders (and in the case of bipolar disorder, the majority of subjects) lack the LGM phenotype and, consequently, may have pathophysiological disturbances in other related components of cortical circuitry that contribute to cognitive impairments. Indeed, our initial report did not find differences in measures of illness severity, such as socioeconomic status and independent living, between subjects with and without the LGM molecular phenotype, suggesting that cognitive dysfunction is likely still present in the subjects without the LGM molecular phenotype (Volk et al., 2012) .
Interestingly, a lower density of pyramidal neuron dendritic spines, the primary source of excitatory synaptic input, has been commonly reported in the PFC in schizophrenia (Garey et al., 1998 , Glantz and Lewis, 2000 , Kolluri et al., 2005 and has also recently been reported in bipolar disorder (Konopaske et al., 2014) . Experimental models of dendritic spine pathology have been reported to produce cognitive impairments similar to those seen in schizophrenia (Glausier and Lewis, 2013) . Thus, perhaps the schizophrenia, schizoaffective disorder and bipolar disorder subjects identified in the present study as not having the LGM phenotype may instead have pyramidal neuron dendritic spine pathology, or perhaps another undetermined molecular phenotype, which then contributes to cognitive impairments in these subjects.
The findings of the present study suggest that independent of diagnosis, subsets of individuals with serious psychiatric illnesses share the same molecular phenotype, and thus might have the same underlying pathogenetic process(es) that contribute to PFC dysfunction. The differences in clinical phenotype, as captured by different DSM diagnoses, across these individuals may reflect differences in genetic background, environmental exposures, and/or other unspecified pathogenetic processes. Alternatively, the LGM molecular phenotype may represent a common endpoint of multiple different pathogenetic processes in individuals that converge to produce similar disruptions in cortical circuitry function. In either case, individuals with the LGM molecular phenotype may potentially benefit from pharmacological treatments that focus on GABA-related disturbances. However, the delivery of such treatment first requires the ability to identify subjects with particularly prominent GABA neuron-related disturbances using peripheral or non-invasive methods. Interestingly, parvalbumin neurons enable the synchronization of cortical neural activity at gamma frequencies (30-80Hz) (Sohal, 2012 , Sohal et al., 2009 ) and deficits in PFC gamma oscillations have been reported in schizophrenia (Cho et al., 2006 , Minzenberg et al., 2010 . Thus, electroencephalogram measures of gamma oscillations, perhaps in conjunction with magnetic resonance spectroscopy measures of cortical GABA levels (Rowland et al., 2016) , may represent useful biomarkers to identify the most severely affected patients, presumably those with the LGM molecular phenotype, and even monitor treatment response. Going forward, advancing the next generation of efficacious neuropharmacological treatment approaches to these disorders may benefit from the identification of the contributing molecular phenotypes.
Supplementary Material
Refer to Web version on PubMed Central for supplementary material. A. Cluster 1 (left of arrow) consisted of 44 subjects with the LGM phenotype including 19 schizophrenia subjects (red ovals), 11 schizoaffective disorder subjects (orange ovals), 10 bipolar disorder subjects (yellow ovals) and 4 unaffected comparison subjects (green ovals), while cluster 2 (right of arrow) consisted of the remaining 140 subjects. B. Excluding all unaffected subjects (n=87) and repeating the cluster analysis including only the schizophrenia, schizoaffective disorder and bipolar disorder subjects (n=97) resulted in two distinct clusters that were highly similar to those in panel A. Bar graphs illustrating mean and standard deviation values for unadjusted GAD67, parvalbumin, somatostatin, and Lhx6 mRNA levels in unaffected comparison (UC) subjects; "Low GABA Marker" molecular phenotype (LGM) subjects with schizophrenia (LGM SZ), schizoaffective disorder (LGM SA), bipolar disorder (LGM BP) or together (LGM All), and non-LGM schizophrenia subjects (Non-LGM SZ), schizoaffective disorder subjects (Non-LGM SA), bipolar disorder subjects (Non-LGM BP), or together (Non-LGM All). Histograms showing the distribution of schizophrenia, schizoaffective disorder, and bipolar disorder subjects with (dark gray) and without (light gray) the "Low GABA Marker" classification (Y axis) within a range of adjusted GAD67, parvalbumin, somatostatin, and Lhx6 mRNA levels (X axis; values adjusted for significant covariates as described in the Statistics section). Table 1 Summary of demographic and postmortem characteristics of human subjects Psychol Med. Author manuscript; available in PMC 2017 September 05.
